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Forest  entomologists  working  on  spruce  budworm  (Choristoneura  fumiferana 
(Clem.)  problems  sometimes  need  to  know  the  size  of  the  population  of  over- 
wintering  budworm  larvae.     Such  information  has  value  in  life  history  studies, 
in  forecasting  defoliation,  and  in  establishing  the  fact  of  infestation  prior 
to  control  operations.     These  overwintering  budworm  larval  populations  may  be 
effectively  estimated  by  sampling  infested  material  in  which  the  larvae  hiber- 
nate . 

Sampling  populations  of  overwintering  spruce  budworm  in  the  northern 
Rocky  Mountain  region  is  an  important  part  of  spruce  budworm  surveys.  Popu- 
lation surveys  are  a  necessary  supplement  to  the  previous  season's  foliar 
damage  surveys;   they  assure  that  a  living  budworm  population  exists  on  pro- 
posed control  units  and  provide  data  on  budworm  abundance. 

This  paper  reports  the  results  of  sampling  studies  designed  to  determine 
the  abundance  of  overwintering  spruce  budworm  populations  in  the  northern 
Rocky  Mountain  region.     The  data  presented  are  based  on  records  of  budworm 
larvae  that  were  artificially  forced  from  hibernation.     Studies  were  made  to 
determine:     (1)  the  possible  variation  of  larval  population  due  to  exposure; 
(2)  the  relationship  of  larval  population  on  limbs  compared  to  that  on  tree 
boles;   (3)  the  value  of  five  bole  sections  as  a  sample;    (4)  the  variation  of 
budworm  populations  on  areas  where  the  damage  had  previously  been  classified 
by  aerial  observation  as  light,  medium,  or  heavy;  and  (5)  the  value  of  stored 
samples  as  compared  to  winter-  and  spring-cut  samples. 

These  studies  were  made  before  and  during  large-scale  budworm  population 
surveys  prior  to  1956  and  1957  control  operations.     The  preliminary  work  was 
done  to  improve  sampling  techniques  and  to  serve  as  the  basis  for  instructing 
Forest  Service  personnel  in  collecting  samples  of  infested  material.  Supple- 
mentary data  were  obtained  later  from  the  large-scale  surveys.     Samples  of 


material  harboring  hibernating  budworm  larvae  were  collected  from  more  than  a 
million  acres  of  infested  timber  in  1956,  and  from  nearly  as  large  an  area  in 
1957.1/ 


METHODS 


Spruce  budworm  larvae  hibernate  on  various  parts  of  the  tree:   the  twigs, 
limbs,  and  bole--any  spot  that  offers  at  least  partial  cover.     The  larvae 
normally  break  hibernation  when  temperatures  rise  in  late  spring.  However, 
after  several  weeks  of  low  temperature  conditioning,   larvae  may  be  induced  to 
break  hibernation,  unseasonally ,  by  transferring  them  into  a  warm  room.  Mater- 
ial cut  from  almost  any  part  of  a  tree,   in  an  infested  area,  will  produce  bud- 
worm larvae  by  this  artificial  treatment.     Bole  sections  or  billets  taken  from 
a  rough-barked  part  of  the  tree  are  convenient  and  have  the  advantage  of  being 
easily  measured  samples.     When  infested  material  is  placed  in  a  sealed  con- 
tainer having  a  single  light  source,   the  larvae,  being  phototropic,  migrate 
toward  the  light  when  they  emerge  from  hibernation.     Glass  vials  inserted  into 
a  hole  in  the  end  of  the  container  admit  light,  and  the  larvae  are  attracted 
into  the  vials  where  they  may  be  counted. 


Experimental  work  by  others  to  develop  techniques  for  sampling  over- 
wintering budworm  populations  has  been  considerable.     Various  parts  of  the 

infested  trees  were  caged  and  several  types  of  containers  were  devised. 2_j  3/ 

Caging  techniques  used  on  these  budworm  population  surveys  differed  little 
from  those  previously  developed. 

Surveys  of  overwintering  budworm  larvae  were  made  by  cutting  material 
from  Douglas-fir  trees  and  placing  it  in  5-gallon  cylindrical  paperboard  ice 
cream  cartons.     The  lids  of  these  cartons  were  sealed  with  masking  tape  and 
a  1-  by  4-inch  straight-sided  test  tube  was  inserted  in  a  reinforced  hole  in 
the  lid  (figs .   1  and  2) . 

Infested  material  for  the  preliminary  study  was  taken  from  5-  to  8-inch 
diameter  Douglas-fir  trees  in  a  locally  infested  area.     A  section  was  cut  from 
the  tree  bole  approximately  3  feet  below  the  junction  of  smooth  and  rough  bark, 
about  midcrown.  Selecting  a  bole  section  in  relation  to  the  junction  of  smooth 
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Figure  l.--Tree  bole 
section  and  container  used 
to  force  emergence  of  over- 
wintering spruce  budworm 
larvae . 


and  rough  bark  was  felt  to  provide  a  more  uniform  sample  than  a  section  cut  at 
a  standard  distance  from  either  the  tip  or  ground.     The  bole  sections  or  bil- 
lets measured  from  15  to  17  inches  long;   diameters  were  4  to  7  inches  These 
billets  gave  an  easily  measured  bark  surface  ranging  from  about  1.35  to  2. 50 
square  feet.     Only  one  billet  was  taken  from  a  tree. 

Use  of  bole  sections  for  population  sampling  had  become  a  fairly  stand- 
ardized practice  on  previous  surveys.    At  first  two,  and  later,  three  sections 
were  collected  at  each  sampling  point.     Scanning  the  results  from  these  ear- 
lier surveys  indicated  that  five  bole  sections  would  give  much  more  uniform 
results  than  use  of  fewer  sections.     For  the  population  surveys  of  1956  and 
1957     five  bole  sections  were  collected  at  each  of  27  sampling  points  during 
the  preliminary  survey,  and  this  number  was  later  adopted  as  a  standard. 


Figure  2. --Banks  of 
sealed  containers  ar- 
ranged in  a  greenhouse 
for  large-scale  spruce 
budworm  population  study. 
Lights  are  left  on  through- 
out the  period  of  larval 
emergence.     Fan  prevents 
temperature  stratification. 


In  addition  to  the  bole  sections  cut  during  the  preliminary  survey  for 
1956,  515  were  collected  in  sampling  14  proposed  spray  areas.     In  preparation 
for  the  1957  project,  435  bole  sections  were  cut  from  seven  proposed  spray 
units.     Of  the  435  sections,  210  were  collected  in  the  fall  of  1956  and  stored 
in  an  unheated  screened  enclosure  until  the  following  March. 


RESULTS 

Slope  and  creek  bottom  populations . --An  analysis  of  variance  at  the 
5-percent  level  revealed  no  significant  difference  between  budworm  larval 
emergence  from  sample  material  collected  from  north  or  south  slopes.  Bole 
sections  taken  from  creek  bottom  stands  had  a  significantly  lower  larval 
population  than  samples  taken  from  the  slopes,  as  shown  in  the  tabulation 
below: 


Bark  surface  (sq.  ft.) 
Larvae  per  sq.  ft. 


Creek 
bottom 

44.93 
12.5 


North 
slope 

42.64 
33.3 


South 
slope 

45.47 
23.9 


Larval  population  on  limbs  versus  tree  bole  sections . --To  determine  the 
practicability  of  using  limb  sections  where  transportation  of  billets  would 
present  a  problem,  midcrown  limbs  including  branches  and  twigs  were  cut  from 
five  trees  in  addition  to  a  bole  section.     These  limbs  were  approximately  60 
inches  long  and  were  cut  into  15-inch  sections.     The  first  (inner),  second, 
third,  and  outer  sections  were  caged  separately.     For  analysis  these  were 
divided  into  the  inner  and  outer  halves  of  the  limbs. 

Larval  emergence  from  limbs  and  tree  bole  samples  were: 


Bole 
sections 


Limbs  and  twigs 


Inner 
15  in 


Second 
15  in. 


Third 
15  in 


Outer 
15  in 


Bark  surface  (sq.  ft.)  10.4  28.1      36.9        33.8  21.8 

Larvae  per  sq.  ft.  58.0  3.2        3.2  2.9  2.1 

Larval  emergence  from  the  limbs  averaged  2.9  per  square  foot. 

Although  the  inner  half  of  the  limbs  averaged  3.2  larvae  per  square  foot 
and  the  outer  half  2.6,  an  analysis  of  variance  showed  no  significant  differ- 
ence between  the  inner  and  outer  halves.     Bole  sections  from  the  same  trees 
yielded  58.0  larvae  per  square  foot,  significantly  more  than  either  the  inner 
or  outer  divisions  of  the  limbs. 


Five  bole  section  samples. --An  analysis  of  the  reliability  of  five  bole 
sections  as  a  sample  indicated  a  mean  sampling  error  ranging  from  12.3  to 
52.0  percent  with  an  average  error  of  approximately  25  percent.     Five  bole 
sections  were  therefore  considered  ample  to  establish  the  overwintering  bud- 
worm  population  within  a  reasonable  degree  of  error. 
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Larval  population  versus  foliage  damage .- -Degrees  of  damage  to  foliage 
as  observed  from  the  air  had  been  classified  as  light,  moderate,  or  heavy. 
Light  defoliation  consisted  of  visible  needle  damage  in  only  the  upper  one- 
fourth  of  the  crown,  moderate  damage  included  approximately  half  the  crown, 
and  heavy  damage  more  than  half  the  crown. 


Some  question  arose  regarding  the  relationship  between  these  classifica- 
tions of  damage  and  the  amount  of  the  subsequent  larval  population.  The 
thought  was  that  newer  outbreaks  might  have  a  greater  surviving  population  of 
larvae  than  the  older  infestations,  although  the  older  outbreaks  appeared  to 
be  more  heavily  damaged. 


An  analysis  of  variance  of  numb 
bole  sections)  each  from  areas  previ 
and  heavy  damage  gave  no  significant 
moderate  and  heavy  damage.  However, 
areas  was  significantly  greater  than 
heavy  areas,  as  shown  below: 


rs  of  larvae  emerged  from  10  samples  (50 
usly  classified  as  having  light,  moderate, 
difference  at  the  5-percent  level  between 
the  larval  emergence  from  lightly  damaged 
that  from  the  average  of  moderate  and 


Light  Moderate  Heavy 

Bark  surface  (sq.   ft.)  83.87  87.52  94.28 

Larvae  per  sq.  ft.  69.8  41.1  37.8 

The  data  indicate  that  the  degree  of  foliage  damage  classified  by  aerial 
observation  is  not  necessarily  indicative  of  the  overwintering  budworm  popula- 
tion densities. 


Stored  samples  versus  fresh  samples . --Spring  collection  of  budworm- 
infested  samples  is  difficult  because  many  roads  in  this  region  are  still 
blocked  by  snow.     Sampling  points  for  spring  collections  must  be  planned  more 
for  accessibility  than  for  ideal  distribution. 

In  the  fall  of  1956,  210  bole  sections  were  collected  from  42  sample 
points  in  five  proposed  control  units.     These  sections  were  cut  in  October, 
November,  and  December.     They  were  packed  five  to  a  burlap  sack  and  stored  in 
a  screened  part  of  an  insectary  building  in  Missoula,  Montana.     Minimum  tem- 
peratures in  this  screened  enclosure  were  essentially  the  same  as  those  out- 
side, but  maximum  temperatures  were  undoubtedly  lower.     These  bole  sections 
were  taken  into  a  greenhouse  maintained  at  room  temperature  and  caged  early  in 
March  1957  to  induce  the  hibernating  larvae  to  emerge. 

In  conjunction  with  the  cutting  of  the  stored  material,  and  to  serve  as 
a  control  on  the  effects  of  storage,  several  bole  sections  were  cut  early  in 
December  1956  from  an  accessible  infested  area  near  Missoula.     These  sections 
were  stored  in  the  insectary  with  those  collected  from  the  proposed  control 
units.     On  January  2,   1957,  and  at  approximately  2-week  intervals  until 
March  1,   five  of  the  locally  cut  and  stored  bole  sections  were  caged  to  force 
emergence  of  hibernating  budworm  larvae.    At  the  same  intervals,  five  fresh, 
field-cut  sections  were  brought  in  from  the  same  collection  point  and  caged. 
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The  budworm  population  from  this  check  area  was  found  to  be  low,  but  the  re- 
sults of  these  rearings  indicated  that  the  stored  sections  did  not  produce  as 
many  larvae  as  emerged  from  the  fresh  material   (table  1) . 


Table  1 . --Comparison  of  larval  emergence  from 
stored  and  fresh  samples 


Stored 

Fresh 

Date  caged 

Bark 
surface 

Larvae 
square 

per 

X  UO  L 

Bark 
surface 

Larvae 
square 

per 

IOO  U 

Sq.  ft. 

Sq.  ft. 

January  2 

7.62 

0.13 

9.91 

0.81 

January  15 

7  .62 

.52 

9.53 

4.72 

February  1 

7  .53 

0 

10.97 

5.92 

February  15 

7  .82 

0 

9.16 

.54 

March  1 

7  .38 

1.08 

9.47 

.74 

Total 

37  .97 

49.04 

Average  0.34  2.45 


Light  emergence  of  budworms  from  the  stored  bole  sections  compared 
to  the  emergence  from  fresh  samples  indicated  a  loss  of  larvae  probably  due  to 
storage  in  all  the  fall-cut  bole  sections.     However,  the  210  stored  sections 
were  caged  March  5,   1957,   to  force  budworm  emergence.     Fresh  bole  sections  were 
then  cut  at  all  the  fall  collection  points  that  could  be  reached.     Many  of  the 
new  collections  were  made  in  the  immediate  vicinity  of  the  fall  cuttings.  When 
the  original  spots  could  not  be  reached,   the  spring  samples  were  taken  from 
points  as  close  as  possible  to  the  points  of  fall  collection.     Table  2  gives 
comparative  data  on  the  larval  emergence  from  the  stored  and  spring-cut  boles. 
Only  samples  that  were  taken  at  the  same  location,  or  in  the  same  drainage  and 
not  farther  than  a  mile  distant  are  included. 

On  a  control  unit  basis,  difference  in  larval  emergence  from  the  stored 
and  the  spring-cut  billets  was  markedly  consistent.  More  than  four  times  as 
many  larvae  emerged  from  the  spring-cut  samples  as  from  the  stored  material. 

Speculation  about  the  cause  of  the  lower  emergence  from  stored  billets 
led  to  an  analysis  of  the  difference  in  conditions  between  storage  and  stand- 
ing trees.     Inspection  of  the  bark  and  wood  of  the  stored  sections  showed  few 
effects  of  drying:   the  bark  was  quite  moist,  and  the  bole  ends  showed  practi- 
cally no  checking.     Winter  temperatures  inside  the  screened  enclosure  where 
the  samples  had  been  stored  were  mostly  below  freezing.     These  low  tempera- 
tures undoubtedly  retarded  drying.     Probably  the  greatest  difference  between 
storage  conditions  and  normal  winter  weather  was  the  lessened  temperature 
fluctuation  under  storage.     The  stored  samples  in  burlap  sacks  were  stacked 
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Table  2 . --Comparison  of  emergence  of  spruce  budworm  larvae  from  stored 
and  fresh,   spring-cut  samples  from  proposed  control  units 


Stored  s 

amp les 

Sprine-cut  samples 

Drainage 

Bark 

Larvae  per 

Relative 

Bark 

Larvae 

per 

surface 

square  foot 

location 

surface 

square 

foot 

South  Continental  Control  Unit 

Wise  River 

10 

.  1 

0  .8 

Same 

8.4 

o 

Wise  River 

1 

mi.  north 

8.8 

11. 

4 

Jerry  Creek 

8 

.6 

26.4 

Same 

8.8 

10 

6 

Steele  Creek 

9 

.  1 

2.2 

Same 

8.1 

1. 

2 

Divide  Creek 

8 

.6 

5.7 

Same 

7  .4 

21 

0 

Blacktail  Creek 

7 

.7 

19.0 

Same 

7.5 

34. 

4 

Basin  Creek 

7 

.1 

7.7 

Same 

6.2 

41 

0 

Norton  Creek 

8 

.  5 

6.7 

Same 

9.0 

20 

6 

U  i  f^lf^\riirv    C*  r  ppI/ 

7 

.0 

5.3 

h 

mi  .  east 

8 . 7 

222 

7 

Hell  Creek 

8 

.  6 

7  .0 

Same 

8.9 

50 

6 

Unit  tntal 

75 

.3 

81.8 

Average 

8.7 

I 

Hebgen  Lake  Control 

Unit 

7 

.8 

6.4 

Same 

8 . 1 

33 

5 

PsnnnQp  frppk 

t  a  £J  U  U  O  C     U  L  CC(\ 

7 

.7 

13.1 

l 

mi .  west 

7  .8 

49 

2 

Unit  total 

15 

,  5 

15  .9 

Average 

9.7 

41 

2 

Madison  Control 

Unit 

Jack  Creek 

9 

.3 

0.5 

1 

mi .  west 

8.2 

2 

3 

Ledar  LreeR 

7 

.6 

9.6 

1 

mi.  west 

1  .  J 

13 

3 

Ruby  Creek 

8 

.3 

17.9 

h 

mi.  east 

8.0 

233 

9 

Indian  Creek 

c 
0 

.  U 

2.6 

l 

mi  .  east 

8.5 

129 

5 

Bear  Creek 

8 

.3 

16.4 

Same 

8.3 

70 

8 

Alder  Creek 

7 

.7 

9.7 

Same 

8.5 

36 

0 

Warm  Spgs.  Creek 

8 

.  2 

44.6 

Same 

8.5 

36 

3 

Unit  total 

J  / 

. 

57  . 5 

Average 

14.4 

74 

7 

Mill  Creek  Control 

Unit 

Emigrant  Creek 

6 

.  7 

1.8 

Same 

7.6 

3 

9 

E.  Fk.  Mill  Creek 

7 

.3 

4.4 

Same 

7.6 

14 

1 

riL i i  LreeK 

6 

.5 

1.4 

Same 

7  . 2 

10 

8 

Unit  total 

20 

.5 

22  .4 

Average 

2.6 

9 

6 

Judith  Control 

Unit 

Wolf  Creek 

7 

.6 

13.9 

Same 

9.5 

35 

7 

Running  Wolf  Creek 

6 

.8 

.3 

Same 

10.6 

6 

Bear  Gulch 

8 

.1 

.6 

Same 

9.5 

4 

Hay  Canyon 

7 

.0 

4.9 

Same 

9.1 

50 

2 

Unit  total 

29 

.5 

38.7 

Average 

5.0 

20 

8 

Grand  total 

198 

.2 

216.3 

Average 

9.3 

43 

5 

1 


in  a  rather  tightly  packed  pile  on  a  ground-level  concrete  floor.     Direct  sun- 
light was  prevented  from  touching  the  stored  samples  by  a  canvas  shield.  Under 
these  conditions  variations  in  temperature  were  reduced  and  did  not  reach  the 
extremes  of  normal  outside  conditions. 

SUMMARY 

Overwintering  spruce  budworm  larval  population  may  be  sampled  to  provide 
data  on  population  densities.     These  data  are  derived  by  inducing  hibernating 
larvae  to  emerge  unseasonally  through  the  application  of  artificial  treatment. 
Population  estimates  of  hibernating  larvae  are  then  made  by  counting  the  larvae 
emerging  from  material  taken  from  budworm-inf ested  trees. 

A  sampling  design  to  provide  adequate  estimates  of  overwintering  larvae 
must  consider:    (1)  samples  collected  from  north  or  south  slopes  yield  higher 
populations  than  samples  from  valley  bottoms;    (2)  hibernating  larvae  are  more 
numerous  per  unit  of  bark  surface  on  tree  boles  than  on  limbs;    (3)   five  bole 
sections  are  required  from  each  sampling  point  for  an  adequate  sample. 

Budworm  damage  previously  classified  as  light,  moderate,  or  heavy  does 
not  necessarily  produce  larval  populations  proportionate  to  the  apparent 
amount  of  damage. 

Infested  material  collected  in  late  fall  and  stored  for  a  conditioning 
period  may  produce  only  about  one-fourth  as  many  larvae  as  fresh  material  from 
the  same  locations . 


m. 
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